The role of estrogens in the etiology of prostate cancer is controversial. To demonstrate the specific effects of estrogens and androgens on the development of the prostatic epithelial hyperplasia, we used luteinizing hormone receptor knockout mice (LuRKO), which are resistant to pituitary regulation mediated by luteinizing hormone, lack postnatal androgen production, and have rudimentary accessory sex glands, the growth of which can be induced with exogenous androgen replacement. This model is thus ideal for the investigation of direct hormonal effects on the prostate. Testosterone, but not 5␣-dihydrotestosterone, replacement from 21 days of life for 8 weeks induced pronounced hyperplasia and inflammation in the prostates of LuRKO mice. Interestingly, 5␣-dihydrotestosterone combined with 17␤-estradiol did not induce hyperplasia or inflammation, and treatments with inhibitors of estrogen action, aromatase inhibitor, and ICI 182780 further exacerbated testosterone-induced hyperplastic growth. However, the activation of estrogen receptor (ER)-␤ with a specific agonist, DPN [2,3-bis(4-hydroxyphenol)-propionitrile], prevented the development of prostatic hyperplasia and inflammation in testosterone-treated LuRKO mice. Thus, it seems that in the presence of sufficient androgenic stimulation, it is the balance between ER-␣-and ER-␤-mediated signaling that determines whether estrogens promote hyperplasia or protect the prostate against hyperplastic changes.
Androgens play a central role in the biology of the prostate. Estrogens, however, can also modulate prostatic growth and development. There is strong experimental evidence that, at least in rodents, excessive or untimely exposure to estrogens can induce prostatic neoplasia. [1] [2] [3] [4] [5] [6] Moreover, aromatizable but not nonaromatizable androgens can cause prostate cancer. 7, 8 On the other hand, impaired estrogen action can also lead to structural and functional abnormalities in prostatic epithelium, as has been demonstrated in estrogen receptor (ER)-␤ 9 or aromatase-deficient mice. 10 Furthermore, transgenic mice overexpressing androgen receptors (AR) in the prostate epithelium present with increased epithelial proliferation and develop prostatic intraepithelial neoplasia, 11 and ER-␤ knockout (ER␤KO) mice have increased expression of AR in prostate epithelium, 9 indicating that enhanced androgen action in prostate epithelium also promotes the development of prostatic hyperplasia and dysplasia. Taken together, these observations imply that both androgens and estrogens are needed to induce proliferative and precancerous lesions and prostate cancer in rodent models.
The effect of estrogens on the prostate may be indirect and mediated by the inhibition of androgen secretion, or direct action mediated via ERs in the prostate. Both ER subtypes, ER-␣ (ESR1) and ER-␤ (ESR2), are expressed in the prostate: ER-␣ is found in stromal cells of the prostatic urethra, [12] [13] [14] whereas ER-␤ is highly expressed in rodent and human prostatic stroma and epithelium. 15, 16 One hypothesis of the endocrinological control of the prostate is that androgens cause proliferation and functional activation (secretion) of the prostatic epithelium via AR and that estrogens suppress proliferation and promote differentiation of the prostatic epithelium via ER-␤. 9, 17 In addition, the stromal ER-␣ in prostate can induce epithelial changes, specifically squamous epithelial metaplasia, in highly estrogenized animals. 18 In the present study, we used luteinizing hormone (LH) receptor knockout mice (LuRKO), which are insensitive to pituitary regulation mediated by LH and lack postnatal androgen production. 19 The prostates of LuRKO mice are rudimentary, but they can be induced to grow to the normal size with exogenous androgen replacement. 20 Thus, these mice offer an excellent model to study the effects of different hormonal treatments on the growth of the prostate. In this study, LuRKO mouse model was used to demonstrate the role of androgens and estrogens in the progression of hyperplastic lesions. Because ER-␤ has been shown to regulate prostatic growth and differentiation, 9, 17 its role was studied by administering to LuRKO mice a specific ER-␤ agonist. The results revealed a protective role for ER-␤ in the development of hyperplasia and inflammation in the prostate.
Materials and Methods

Animals
LuRKO mice and their wild-type (WT) littermates were used. In LuRKO mice a targeted deletion of exon 11 of the LH receptor gene totally inactivates LH/LHR function. 19 All animals were housed in a controlled environment on an illumination schedule of 12 hours light/12 hours dark and fed with a soy-free diet (RM3; SDS, Witham, UK) and water ad libitum. Mice were genotyped using the polymerase chain reaction-based method described previously. 19 For each treatment group four to six mice were used. Because some experiments were repeated, the total number of animals per treatment varied from 4 to 12. All procedures used were performed according to the institutional policy of the University of Turku.
Hormone Treatments
Chemicals
Aromatase inhibitor finrozole, MPV-2213ad (Hormos Medical Ltd., Turku, Finland), which has 4-[3-(4-fluorophenyl)-2-hydroxy-1-(1H-1,2,4-triazol-1-yl) propyl]benzonitrile as a base, is a novel, potent, and selective nonsteroidal aromatase inhibitor that blocks conversion of androgens to estrogens. The potency and specificity of Finrozole has been demonstrated in vitro 21 26, 27 Testosterone (T), dihydrotestosterone (DHT), testosterone propionate (TP), and 17␤-estradiol dipropionate were purchased from Sigma-Aldrich Chemie GmbH (Steinheim, Germany), and 17␤-estradiol (E 2 ) pellets were from Innovative Research of America (Sarasota, FL).
Androgen Replacement
One-cm-long silastic capsules (inner diameter, 1.98 mm) filled with either T or DHT were implanted subdermally under anesthesia into homozygous LuRKO male mice or their WT littermates at the age of 21 days. Silastic tubing (Chase Walton Elastomers; SF Medical, Hudson, MA) sealed at both ends with silicone (Silastic; Medical adhesive silicone, type A; Dow Corning France S.A.S., Lyon, France) was used. Anesthesia was performed using isoflurane (2 to 3%) and buprenorphine (Temgesic; Schering-Plough, Brussels, Belgium; 3 to 5 g/mouse s.c.) for postoperative analgesia. Androgen replacement was continued for 8 or 16 weeks. In the latter case, capsules were renewed after 8 weeks.
ICI 182,780, Finrozole, and DPN Treatments
Three-week-old WT and LuRKO mice were implanted with T capsules, as described above. ICI 182,780, finrozole, or DPN treatments were started simultaneously with androgen replacement. Mice were injected subcutaneously with ICI 182,780, 0.5 mg/mouse twice per week for 8 weeks. ICI 182,780 was diluted to 10% ethanol/oilsolution. Finrozole and DPN were administered subdermally with silastic tubing filled with either 4 mg of finrozole or 4 mg of DPN. After 4 weeks, finrozole and DPN capsules were removed, and treatments were continued for 4 weeks with daily subcutaneous injection, the dose being in both cases 3 mg/kg body weight/day.
17␤-Estradiol Treatment
Three-week-old LuRKO and WT male mice were implanted subdermally simultaneously with DHT silastic capsules as described above and E 2 pellets, the daily dose of E 2 being 25 g/animal.
Short Exposure of LuRKO Mice to TP, DHT, or 17␤-Estradiol Dipropionate
Three-week-old LuRKO and WT male mice were injected subcutaneously once a day for 3 days with TP (100 g/g body weight), DHT (10 g/g body weight), or ␤-estradiol dipropionate (0.25 g/g body weight) and then sacrificed. All hormones were diluted to 10% ethanol/oil solution.
Serum T, DHT, and Prolactin Hormone Assays
For serum T determination, 25-l aliquots were extracted twice with 2 ml of diethyl ether and evaporated under nitrogen to dryness. The residues were reconstituted in phosphate-buffered saline (PBS) and measured using standard radioimmunoassay as described previously. 28 DHT was measured using an enzyme-linked immunosorbent assay kit from Alpha Diagnostic International (San Antonio, TX). Serum prolactin was measured by radioimmunoassay, as described previously. 29 
Preparation of Tissue Samples and Histological Analysis
Animals were euthanized by CO 2 suffocation. The prostates were dissected, fixed in 10% neutral formalin for 24 hours at room temperature, dehydrated in ethanol, cleared in xylene, and embedded in paraffin. Prostate blocks were serially cut at 100-m intervals, and 4-m sections were mounted on coated slides. The slides were incubated overnight at ϩ37°C and stored at ϩ4°C.
Hematoxylin and eosin (H&E)-stained serial sections were examined under ϫ10 magnification, and all of the acini from the largest section per lobe were analyzed using Image J software (National Institutes of Health, Bethesda, MD). To determine the relative epithelial area per each acinus, both the epithelial area and total acinus area were determined. The percentages of tufting and bridging acini and acini with intraepithelial inflammation were calculated. Sections containing all prostatic lobes were used for immunohistochemistry. All assessments were performed using a BX-51 microscope (Olympus Corp., Tokyo, Japan). The images were captured by a DP70 digital microscope camera (Olympus Corp.).
Antibodies
Antibodies against ER-␣ (monoclonal, clone 1D5), progesterone receptor (PR) (rabbit anti-human PR, A0098), and Ki-67 (rat anti-mouse Ki-67, M 7249) were purchased from DAKO A/S (Glostrup, Denmark). Antibodies against AR (N-20), p63 (mouse anti-p63, clone 4A4), and ER-␤ (MCA1974S) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA), BD Biosciences Pharmingen (San Diego, CA), and Serotec Ltd. Scandinavia (Hamar, Norway), respectively.
Immunoperoxidase Staining for ER-␣, PR, AR, p63, ER-␤, and Ki-67
Slides were dewaxed and rehydrated. After washing in water, sections underwent antigen retrieval in a microwave oven in 10 mmol/L sodium citrate buffer, pH 6.0, for 15 minutes. For ER-␤ staining 10 mmol/L Tris-buffer (0.05% Tween 20, pH 10) was used as antigen retrieval buffer. The sections were allowed to cool and rinsed with PBS buffer. Then the endogenous peroxidase was blocked by incubating the sections in 1% H 2 O 2 for 20 minutes. After PBS rinses, sections were incubated with primary antibodies overnight at ϩ4°C. ER-␤ antibody was diluted 1:100, ER-␣ and Ki-67 antibodies 1:200, PR antibody 1:400, and AR and p63 antibodies 1:1000 in PBS (3% bovine serum albumin, 0.05% Tween 20) . The next day, sections were washed with PBS and incubated at room temperature for 30 minutes with secondary antibodies (horseradish peroxidase-conjugated DAKO Envision ϩ systems) or for Ki-67 staining for 60 minutes with rabbit anti-rat secondary antibody (Rockland Inc., Gilbertsville, PA). Slides were rinsed with PBS. Color was developed with diaminobenzidine substrate (DAKO Envision system). Sections were then slightly counterstained with Mayer's hematoxylin, dehydrated, and mounted.
Determination of p63-Positive Cells
The images of p63-stained ventral (VP) and dorsal (DP) prostatic lobes of T-and T ϩ DPN-treated LuRKO mice were captured and then analyzed using Image J software. Two thousand epithelial cells per lobe per mouse were evaluated, and percentages of p63-positive cells were calculated. The counting was systemically started from one side, and in most of the cases, all of the acini in one section were analyzed.
Statistical Analysis
Relative epithelial areas, percentages of p63-positive cells, and androgen levels among treatment groups were analyzed. Significant differences were determined by ttest (percentages of p63-positive cells) or by one-way analysis of variance analysis followed by the posthoc Tukey multiple comparison test (relative epithelial areas and androgen levels). The analyses were conducted using SAS 9.1 software (SAS Institute Inc., Cary, NC). Data are expressed as mean Ϯ SEM.
Results
T but Not DHT Induces Prostatic Hyperplasia with Focal Mild Dysplasia and Inflammation
As shown previously, 19 the prostates, seminal vesicles, and coagulating glands of the adult intact LuRKO mice were poorly developed, whereas in the T-or DHT-treated LuRKO mice, the sizes of prostate and other accessory sex glands were similar to those of intact WT mice. In addition, pronounced forms of hyperplasia with mild dysplasia (criteria according to Shappell et al 30 ) , and inflammation were found in T-treated LuRKO mice (Table 1) . These hyperplastic lesions were characterized by either proliferative tufting pattern (Figure 1 Vol. 171, No. 3 changes in the epithelium, seen also in WT mice ( Figure  1 ). Hyperplasia indicated with the relative epithelial area was significantly increased (P Ͻ 0.05). Likewise, the percentage of acini with epithelial tufting or bridging was threefold higher in ventral and ninefold higher in dorsal prostates of T-treated LuRKO mice compared with the acini in DHT-treated LuRKO mice (Table 1) .
In addition to hyperplastic lesions, T but not DHT treatment induced inflammation in LuRKO but not in WT mice. In T-treated LuRKO mice, prominent inflammation, indicated by the accumulation of lymphocytes (Figure 1 , second panel), was observed in the epithelium and surrounding stroma of the vas deferens and coagulating glands and in some distinct foci in the epithelium and focally or diffusely in the stroma of the VP and DP (Table 1) .
Estrogens and Prostatic Hyperplasia and Inflammation
The role of estrogens in the prostate was further studied by administering the LuRKO mice with i) DHT combined with E 2 ; ii) T combined with inhibitor of P450 aromatase, finrozole; iii) T combined with ER antagonist, ICI 182,780; or iv) T combined with a potent ER-␤-specific agonist, DPN. DHT combined with E 2 did not induce hyperplasia in LuRKO mice, but variable estrogenic effects such as atrophy (small lumina lined with single-layer cuboidal epithelium), prominent expression of PR, stromal edema around the vas deferens, and large, squamous metaplastic prostatic utricle (Figure 1, third panel) were detected. ICI 182,780 or finrozole combined with T had no effect or even exacerbated the hyperplasia demonstrated with relative epithelial area and percentage of tufting or cribriformic acini ( Figure 1 , first panel; Table 1 ). The T-induced development of hyperplastic lesions and inflammation were, however, prevented by administration of DPN. The relative epithelial area was significantly smaller after combined T and DPN treatment than after T treatment alone in both lobes: 42.3 and 68.8% in VP and 57.8 and 71.6% in DP, respectively (Table 1 ). In addition, the tufting and bridging appearance decreased (Table 1) , and prostatic epithelial cells, especially in VP (Figure 1 , second panel) but also in DP (Figure 1 , first panel), were tall and had secretory appearance. However, the epithelium was more crowded than in intact WT mice (Figure 1 , first and second panels). There were also a number of highly dilatated, secretion filled acini (Figure 1, second panel) . Inflammation was exacerbated in LuRKO mice treated with T combined with ICI 182,780 (Figure 1 , first and third panels), whereas finrozole and DPN treatments ameliorated inflammation (Table 1) . Most of the hyperplastic sites were free from inflammation.
Serum T, DHT, and Prolactin Concentrations
The results of T and DHT measurements are shown in Table 2 . In untreated LuRKO mice, the androgen levels were very low or undetectable. The T capsules were expected to increase serum T levels above the normal range of WT mice. Accordingly, the mean T levels in the treated LuRKO and WT mice were 6.40 Ϯ 1.73 ng/ml and 9.10 Ϯ 2.19 ng/ml, respectively, which were ϳ7-and 15.00 ϩϩ in 1 4.50 n ϭ number of animals in a treatment group, with the number of acini analyzed per treatment group shown in parentheses. Relative epithelial area (%) describes the epithelial area related to the total acinus area. Acini having tufts and/or branching and bridges are counted and related to the total number of acini per treatment group. The intensity of stromal diffuse inflammation is described as ϩ (weak), ϩϩ (moderate), ϩϩϩ (strong), and number of affected mice per treatment group is stated. Percentages of acini with intraepithelial inflammation per treatment group are demonstrated. T, testosterone; DHT, dihydrotestosterone; ICI, ICI 182,780; E 2 , 17␤-estradiol. *Significant changes in relative epithelial area (P Ͻ 0.05). 
Immunoperoxidase Stainings for p63, ER-␣, PR, AR, ER-␤, and Ki-67 in 11-Week-Old Mice after 8 Weeks of Treatment
The p63-positive basal epithelial cells are normally detected with a scattered appearance beneath the luminal epithelial cell layer (Figure 2A, top row) . In T-treated LuRKO mice, the prostatic epithelium presented with increased number of p63-positive cells in many cellular layers (Figure 2A) . Treatment with T combined with DPN prevented this increase, and the number of p63-positive cells was significantly lower in both lobes in T ϩ DPNtreated mice as compared with the mice treated with T alone (Table 3) . Immunoreactive ER-␤ and AR were both present in the hyperplastic lesions of T-treated LuRKO mice, although the expressions were more heterogeneous than in WT mice ( Figure 2B ) or in LuRKO mice after DHT or combined T and DPN treatments. No differences were observed in the expression of ER-␣ or PR, both being low/undetectable in prostatic epithelium (data not shown). The number of proliferating Ki-67-positive cells in the sections was very low, and no differences between treatment groups could be observed.
Immunoperoxidase Stainings for p63, ER-␣, PR, AR, and ER-␤ in 24-Day-Old Mice after Short Androgen and Estrogen Exposures
In both peripubertal WT and LuRKO mice, TP and DHT induced the growth of prostatic ducts and acini, whereas EP induced primarily the growth of stromal compartments. TP and DHT, but not EP, induced strong AR and ER-␤ expressions in the prostatic epithelium and stroma ( Figure 2C ). TP but not DHT treatment caused a weak induction of ER-␣ ( Figure 2C ) and PR (data not shown) in the DP epithelium of the LuRKO mice. After T and DHT treatments, distinct basal and luminal cell layers were detected in the prostatic ducts, whereas EP induced an increase and multilayering of the p63-positive epithelial basal cells (Figure 2A, bottom row) .
Discussion
The main objective of this study was to elucidate the role(s) of estrogens and ERs in a novel murine model (LuRKO) of T-induced prostatic hyperplasia. The prerequisite of androgens and ARs for the development of proliferative lesions and prostate cancer has been shown convincingly in previous studies. 4, 31 Only twofold or threefold elevation in circulating T has been shown to be sufficient to induce prostate carcinoma in several rat strains. 7, 8, 32, 33 However, also in line with earlier findings, it is likely that androgenic stimulation alone is not the major determinant for the induction of epithelial hyperplasia in LuRKO model because no such changes were induced by a nonaromatizable androgen DHT. There were no major differences between the androgen levels in the different treatment groups (T, DHT) taking into account that the androgenic potency of DHT is ϳ10-fold higher than that of T. 34 This supports the idea that E 2 , produced by aromatization of T, promotes the development of prostatic hyperplasia.
The specific roles of the two ER subtypes in normal and pathological growth processes in the prostate are not yet fully known. Interestingly, treatment with the specific ER-␤ agonist DPN prevented the formation of T-induced epithelial changes in LuRKO model. This strongly suggests that selective transactivation of ER-␤ protects against prostatic hyperplasia, as has been proposed on the basis of the ER-␤KO mouse prostate phenotype, 9 as well as studies on the effects of the endogenous ER-␤ ligand 5␣-androstane-3␤,17␤diol (3␤Adiol). 35 Inhibition of hyperplasia by DPN is also in accordance with the antiproliferative effects of ER-␤, which have been demonstrated previously in mouse VP 9, 35 and in mouse mammary cell lines. 25, 36 On the other hand because E 2 is a nonselective ER agonist that promotes the development of hyperplasia, it is likely that ER-␣ transactivation contributes to this pathological process. We thus hypothesize that ER-␤ transactivation by 3␤Adiol, a metabolite of DHT, and by E 2 promotes the maintenance of the normal epithelial architecture. In contrast, transactivation of ER-␣ by E 2 promotes abnormal growth. Further, androgens and AR are needed in both situations. In other words, it seems that it is the balance between ER-␣-and ER-␤-mediated signaling that determines which epithelial phenotype is favored.
Schematic presentation of the suggested roles of different hormones and receptors in the normal and hyperplastic growth is shown in Figure 3 . After treatment with T (and increased level of E 2 ) ER-␣-mediated signaling is enhanced, promoting epithelial overgrowth, whereas after DHT alone, or with T combined with DPN, the ER-␤-mediated signaling dominates, and normal epithelial ar- Amount (ng/ml) of serum testosterone (T) or dihydrotestosterone (DHT) in untreated, T-or DHT-treated WT and LuRKO mice analyzed with either radioimmunoassay (T) or enzyme-linked immunosorbent assay (DHT). n, number of samples analyzed per group. ND, not determined.
*Groups differ significantly (P Ͻ 0.05) from each other. 171, No. 3 chitecture is maintained. In line with this hypothesis, treatment with nonselective inhibitors of estrogen action (the pure ER antagonist ICI 182,780 and the aromatase inhibitor finrozole), which attenuate both ER-␣-and ER-␤-mediated actions, exacerbated T-induced changes in LuRKO model. Furthermore, treatment with DHT ϩ E 2 did not induce epithelial hyperplasia, probably because ER-␤-signaling was favored. In addition, in another prostate tumor model, namely in Noble rats, DHT seems to have a protective role because DHT ϩ E 2 induced markedly less tumors compared with T ϩ E 2 treatment. 6 ER-␤-mediated signaling also promoted the differentiation and survival of prostatic epithelial cells as demonstrated with increased number of luminal epithelial cells after DPN treatment in this study. In line with this hypothesis, an opposite effect has been found in ER-␤KO mice, in which increased detachment of prostatic epithelial cells has been reported. 17 Previous studies with ER-␤KO mice have also shown an increase in number of p63-positive basal cells and a reduction in the fraction of cytokeratin-positive fully differentiated cells in the VP. 17 Accordingly, the T-induced increase of p63-positive basal cells in the prostates of LuRKO mice was normalized after DPN treatment. However, to determine the early effects of androgens and estrogens on LuRKO mouse prostate, we treated 3-week-old mice with TP, DHT, or 17␤-estradiol dipropionate (EP) for 3 days. As expected, in both WT and LuRKO mice, TP and DHT induced the growth of strongly AR-positive prostatic ducts and acini, whereas EP induced primarily the growth of ER-␣-positive stromal tissue. Interestingly, only after TP treatment was induction of ER-␣ and PR found in the DP epithelium of LuRKO mice, further demonstrating the difference in the epithelial response to a treatment with aromatizable versus nonaromatizable androgen. Furthermore, EP induced an increase and multilayering of the p63-positive basal epithelial cells. Increased proliferation of basal cells has been demonstrated also in the DP of adult mice after DES treatment, 18 and this effect has been shown to be mediated by ER-␣. 37 The induction of ER-␣ in the epithelium by T, and/or lack of sufficient ER-␤-stimulation, and the subsequent increase in the number of undifferentiated cells susceptible for the formation of hyperplasia may be the key event initiating the pathological process in the prostate. In addition to the postnatal delay in androgen-and estrogeninduced differentiation, the exceptionally rapid development of hyperplastic lesions in the prostates of T-treated LuRKO mice is likely attributable to the strong proliferative stimulus of high levels of androgens. Likewise, in neonatally castrated rats, the lack of proper androgen/ estrogen-induced differentiation combined with peripubertal androgen replacement has been reported to induce prostatic epithelial abnormalities at relatively rapid phase. 38 In neonatally estrogenized mice and rats, in which the early postnatal androgen secretion peak is attenuated and which are permanently hypoandrogenemic, prostatic hyperplasia and dysplasia is commonly observed, but not until after 9 months after treatment. 1, 39 It is noteworthy that dysplasia or even carcinoma can be induced in normal adult rodent prostate with a prolonged T treatment. 4, 31 The mechanism is probably the same as in LuRKO model, but in the adult prostate the number of undifferentiated cells is apparently much lower than in pubertal LuRKO mouse, and thus the pathological process also slower.
ER-␤ Protects against
Persistent hyperprolactinemia is associated with prostatic hyperplasia, as well as prostatitis, as demonstrated in transgenic mice overexpressing prolactin. 22, 40 Excessive estrogen exposure increases prolactin production in male mice, 22 which, in turn may play a role in the development of estrogen-induced prostatic neoplasia. 41 However, in our study, the structural changes observed in LuRKO mouse prostate are not likely to be induced by prolactin because prolactin levels in T-treated LuRKO mice were not higher than in WT mice.
In addition to pronounced hyperplasia, T but not DHT treatment induced inflammation in LuRKO but not in WT mice. Persistent inflammation is known to be linked with increased risk of cancer in several organs, including the prostate. However, in this study, no obvious link between Schematic figure of the androgen and ERs, enzymes, and mechanisms involved in the normal or hyperplastic/dysplastic epithelial growth. In the presence of sufficient androgens/AR, ER-␤ transactivation (by 3␤Adiol and E 2 ) promotes the maintenance of the normal differentiated epithelial architecture, whereas transactivation of ER-␣ (by E 2 ) promotes the development of hyperplasia/dysplasia. The balance between ER-␣-and ER-␤-mediated signaling is critical for the induction of pathological processes. E 2 , 17␤-estradiol; 3␤Adiol, 5␣-androstane-3␤,17␤diol; HSD17␤7, 17␤-hydroxysteroid dehydrogenase type 7 48 ; HSD3␤, 3␤-hydroxysteroid dehydrogenase.
inflammation and hyperplasia was observed because most of the sites with hyperplastic lesions were free from inflammation. Sexual dimorphism in immunological disease susceptibility is a well-known phenomenon. 42 The male immune system seems to develop along with increasing androgen production during puberty because prepubertal castration results in acceleration of a generalized autoimmune disorder in NZB/W male mice. 43 Even in the neonatally estrogenized mice, infiltration of immune cells in the prostate commences with puberty. 39 Thus, in both neonatally estrogenized WT and LuRKO mice, the maturity of the male immune system may be disturbed because the former has decreased expression of AR, 2, 44 and the latter lacks androgens after disappearance of fetal Leydig cells at approximately day 10 of life. Although the role of estrogens and ERs in autoimmune diseases is controversial, both ER-deficient mice models, ER-␣KO and ER-␤KO, have symptoms of autoimmune diseases. 45 The role of ER-␤ as an immunoprotective agent is emphasized in the study in which a wide range of different ER-␤-selective agonists were shown to have a beneficial effect in two rat models of inflammation. 46 The mechanisms of immunoprotective action of DPN or the other ER-␤ agonists are not known. In our study, the local effects are possible because ER-␤ is normally expressed in the periurethral and prostatic sites where inflammation is found. DPN may also exert its effect systemically by modulating the immune system because ER-␤ has been identified to be the predominant ER in human lymph nodes and spleen, which play a central role in B-and T-cell immune reactions. 47 We also found that aromatase inhibitor ameliorated inflammation. We hypothesize, that while aromatase activity is inhibited, more of the T in the prostate is converted to DHT, which is further metabolized to 3␤Adiol, an ER-␤-ligand. These results, together with exacerbation of inflammation observed after treatments with anti-estrogen ICI 182,780, blocking both ER subtypes, further emphasize the immunoprotective role of ER-␤.
Conclusions
In conclusion, the LuRKO mice serve as a model for hormone-induced prostatic hyperplasia, with an exceptionally short induction time needed for the development of hyperplastic lesions. LuRKO prostate is highly sensitive for hormonal stimulus, and T-treated LuRKO mice provide a novel model to study the early events of hormone-induced malignant changes. Our present data, as well as those of others suggests that ERs have a dual role in the prostate. In the presence of a sufficient androgenic stimulation, it is the balance between ER-␣-and ER-␤-mediated signaling that is critical: ER-␣ promotes hyperplasia and ER-␤ the maintenance of the normal epithelial architecture. Induction of ER-␣ by T, probably via conversion to E 2 , affecting the cytodifferentiation may thus be one of the events essential for the pathological process in the prostate.
